The mode in which the force exerted by the contraction of myofibrils is transmitted to tendon has been debated for many years (as reviews HAGGQVIST 1931 and . It is generally accepted that the major union of muscle with tendon is established at the end of muscle fibers. Light-microscopically, two main opposing theories appear in the literature regarding the muscle-tendon attachment. One is continuity theory, which maintains that myofibrils are directly continuous with tendon fibrils. The other is sarcolemma theory, which holds that the sarcolemma forms a limiting membrane between myofibrils and tendon fibrils. In recent years, the sarcolemma theory has been strongly supported by several investigators using the silver impregnation method (GOSS 1944 and LONG 1947) .
The final solution of this problem, however, has been achieved by the application of electron microscopy. Since PORTER (1954) made a electron microscopic observation on the myo-tendon junction in larval forms of Amblystoma punctatum, many investigators (RUSKA 1954 , BENNETT 1955 , EDWARDS et al. 1956 , COUTEAUX 1957 and 1959 , SCHWARZACHER 1960 , GELBER et al. 1960 , MUIR 1961 have studied this subject by the aid of electron microscope. GELBER et al. (1960) have presented a three-dimensional scheme of the myo-tendon junction. Thus they all have confirmed, supporting the sarcolemma theory, that the end of a muscle fiber forms complex processes or indentations and is enveloped by a continuous sarcolemma. However, there are still some differences of opinion in the literature.
The present investigation has dealt with the myo-tendon junction in some mammalian skeletal muscles with the recently improved preparation techniques in electron microscopy.
I Materials and Methods.
A variety of mammals of various ages were used for this study. Gastrocnemius muscles of dogs, cats, guinea-pigs, rats, mice and human beings were dissected out after the muscle were fastened in relaxed state to sticks of wood. During fixation, the stick was removed and the material was cut into blocks. Some materials were fixed for three to five hours in cold two per cents osmium tetroxide solution buffered at pH 7.4 with PALADE's veronal acetate buffer.
Others were fixed in cold one per cent osmium tetroxide dissolved in sodium phosphate buffer with the pH of 7.3 according to the method described by MILLONIG (1962) , after the pre-fixation for three hours in 0.6M glutaraldehyde in the same buffer. The specimens were dehydrated through a series of alcohol and embedded in Epon 812 (LUFT 1961) . Thin sections were stained with lead hydroxide or double stained with uranyl acetate and lead hydroxide, and examined in a HITACHI HU-11A type electron microscope.
II. Observation.
a) General features.
The fine structures of the myo-tendon junctions of mammalian gastrocnemius muscle fibers are basically identical regardless of the species and the ages of the animals used in the present investigation,
The similar structures are also seen in the cases of other muscles, such as extensor pollicis longus muscles and diaphragma.
As seen with the light microscope, the muscle fiber of gastrocnemius takes the course obliquely to the bundles of the collagen fibers of tendon (Fig. 1) . The end of the muscle fiber seems to show a zig-zag appearance.
Usually, several nuclei which possibly belong to connective tissue cells are found at the myo-tendon junction. Small blood vessels and nerve fibers are occasionally seen close to this region.
In the electron micrographs of the myo-tendon junction (Fig. 2) , the end of the muscle fiber shows many processes and invaginations, which correspond to the zig-zag appearance in the light micrographs.
The collagen fibrils, which leave the surface of the end of the muscle fiber, run for some distance and join the main bundles of the b) Sarcolemma at the ends of muscle fibers. The end of the muscle fiber shows a group of processes and invaginations of the sarcolemma* (Figs. 3 and 4) . In transverse sections of our materials, it is noticed that the clefts formed by longitudinal 'cleaving' are rather predominant structures than invaginations (Fig. 5) . The clefts of various depths are seen at the top, and also found as longitudinal grooves along the lateral side near the end of the muscle fiber.
Generally speaking, the formation of irregularly shaped processes are repeated by 'cleaving', until the small conical or finger-like processes are reached. The clefts occasionally may reach a depth of five or six sarcomeres. Large or small processes may Fig. 2 . Electron micrograph of a myo-tendon junction. Collagen fibrils (Cf: arrows) at the myo-tendon junction obliquely join the main bunles of the typical tendon collagen fibrils (Tf). M Muscle fiber, F fibroblast, Cap capillary, Tc tendon cell. Young adult guinea-pig. Uranyl acetate and lead hydrox-* In this paper, the term 'sarcolemma' is used to describe the surface membrane complex consisting of the plasma membrane of the muscle fiber and a basement membrane.
themselves possess the invaginations (Fig. 11) . In order to avoid the confusion of terminology, we speak of 'invagination' as a tubular pit inside the sarcoplasm, in contrast to 'cleft' or fissure, i. e, the invagination is characterized by maintaining about the same diameter as that of its own orifice. Invaginations may be formed at the bottoms of the clefts. Thus the end of the muscle fiber shows a more and more complicated appearance.
In transverse or serial sections, some of the features which appear as 'invaginations' in longitudinal sections are found to be profiles of the 'clefts'.
The end of the muscle fiber is definitely enclosed by a continuous sarcolemma.
It consists of three layers; such as an inner dense layer interpreted as the plasma membrane of the muscle fiber, a clear middle layer and an outer diffuse layer corresponding to basement membrane. The sarcolemma at the myo-tendon junction has the identical structure with that of the side of the muscle fiber (Fig. 3) . At the end of the muscle fiber, however, the basement membrane component of the sarcolemma often seems to be denser than that of the side. Generally the sarcolemma, both plasma membrane and basement membrane component, appears a little denser and thicker at the area where the myofibrils attach to the sarcolemma.
Our developmental study of the myo-tendon junction indicates that the muscle cell in myotube stage shows a dis- c) Attachment of myofibrils to sarcolemma.
In both longitudinal and transverse sections, many dense areas are seen just inside the sarcolemma at the end of the muscle fiber. Low-powered electron micrographs show that this area appears to have the same density as that of a ordinary Z-disc (Figs. 3, 4 and 6) .
In exactly longitudinal sections, the last sarcomere of the myofibril always terminates at the level of the Z-disc and is attached to the dense area beneath the plasma membrane component of the sarcolemma . Similar findings are observed even in the material from 40mm. C. R. human fetus (Fig. 9a) . The relationship between the dense area and the last sarcomere is apparently similar to that between the Z-disc and the ordinary sarcomere. In some materials, the dense areas to which the myofbrils are attached may bear a striking resembrance in appearance to the Zdiscs (Fig. 6) , or seem to be continuous with the Z-discs (Fig. 7) .
The pattern in which the myofibrils are attached to the dense areas is not so simple, because the myofibrils usually terminate obliquely to the sarcolemma at the end of the muscle fiber. As seen in a series of figures (Figs. 7 and 8) from a young adult guinea-pig, when a myofibril approaches the sarcolemma, only a part of one myofibril terminates in the dense area at the level of the Z-disc, but the rest passes through the ordinary Z-disc and forms another sarcomere (Fig. 7) . In this case, the ordinary Z-disc seems to be continuous with the subsarcolemmal dense area. Higher powered electron micrographs show that the finer filaments running longitudinally are closely packed in this area. This area appears to have a little interfilamentous density (Fig. 8 ).
In the subsarcolemmal dense area, any vesicle, glycogen particle, ribosome or other cell organelles excluding the fine filamentous structure are not found (Figs. 7 and 8), while they are commonly seen in the other parts of the end of the muscle fiber. Especially at the bottoms of the clefts or the invaginations caveolar and vesicular structures are well developed (Fig. 8 ).
In the figure showing the longitudinally sectioned process at the end of the muscle fiber, the whole myofibril is connected with the subsarcolemmal dense area, The filaments found in the dense area have about the same thickness as that of the actin myofilaments (Fig. 8 ). It was difficult for us to follow the whole length of the ending actin myofilaments of the last sarcomere in the dense area. As such, there is no evidence of telling the difference between the fine filaments in this area and the ending actin myofilaments.
In some favorable sections, however, the ending actin myofilaments seem to be longer than those of the rest. In some longitudinal sections, the ending actin myofilaments of the last sarcomere are curved toward this area.
Such a dense area shows the relatively sharp contour, and it is clearly seen in the materials fixed with osmium tetroxide solution, but not in those with potassium permanganate. It seems that this area contains unknown osmiophilic material, which represents the interfilamentous density. Further, this area closely adheres to the inner side of the plasma membrane of the sarcolemma. d) Collagen fibrils at the myo-tendon junction.
The muscle fibers of mammalian gastrocnemius muscles run obliquely to the typical tendon tissue, which consists of the collagen fibrils closely packed into the bundles and the tendon cells arranged in longitudinal parallel rows (FITTON-JACKSON 1956) . Collagen fibrils at the myo-tendon junction leave the surface of the end of the muscle fiber, run for some distance in the spaces between fibroblasts, and obliquely join the bundles of the typical tendon fibrils (Fig. 2) .
The collagen fibrils thus connecting between the end of the muscle fiber and the typical tendon can be distinguished from the typical tendon fibrils in our materials.
The connecting collagen fibrils do not show a regular arrangement.
Their average diameters are considerably smaller than those of the collagen fibrils of the typical tendon. This finding is more prominent in the adult animals and is shown as well in the other muscles investigated in the present study (e. g. diaphragma).
The connecting collagen fibrils are rather similar in diameter to those of endomysial and perimysial connective tissues. For examples, the average diameters of the collagen fibrils of the typical tendon, of the myo-tendon junction and of the endomysial connective The collagen fibrils which originate around the processes or in the invaginations come together into bundles. The collagen fibrils make close contact with the outer diffuse layer, basement membrane component, of the sarcolemma, but they do not penetrate it (Fig. 10) . The details of the connection between the collagen fibrils and the sarcolemma could not be clearly shown in this study.
In the profiles of the narrow invaginations or clefts, one or several collagen fibrils are found tightly inserted in their gaps (Fig. 8) . For examples, it is frequently
The collagen fibrils are oriented in various directions, especially in the periphery of the myo-tendon junction continuing with the endomysial connective tissue, although the greater part of them run nearly parallel to the longitudinal axis of the muscle fiber. Thus they form a network around the end of the muscle fiber (Fig. 10) . Occasionally, they are closely packed into bundles. Electron micrographs do not show any obvious elastic fiber at the myo-tendon junction.
e) Fibroblasts at the myo-tendon junction.
In association with the end of the muscle fiber, several fibroblasts are always seen (Figs. 2, 3 , 4, 5, 9 and 10). They have many complex projections and show slightly different appearances from typical tendon cells, i. e. they are not so regularly arranged in rows and show less developed granular endoplasmic reticulum and irregularly spindle-shaped nuclei (Fig. 2) . At the myo-tendon junction, the fibroblasts send way as the teeth of a gear engaged with each other (Fig. 3) . Some small cylindrical projections come deeply into the invaginations of the sarcolemma (Fig. 11 ).
There seems to be close relationship between the projections of the fibroblasts and the shapes of the end of the muscle fiber. The successive cross-sections of the end of the muscle fiber show that winged or flattened projections are usually associated with the clefts, while the invaginations are inserted by the cylindrical ones (Fig. 11) . Then, most of the ending conical processes at the end of the muscle fiber are surrounded by the projections of the fibroblasts.
Some processes of the muscle fiber are enclosed by more than two projections of one fibroblasts (Figs. 11 and 12b) , the others by two or three fibroblasts (Figs. 11 and 12a ). In these cases, collagen fibrils occupy the narrow spaces between the sarcolemma and the projections of the fibroblasts. Such findings are more prominent in adult materials. However, not all processes are enclosed by the projections of the fibroblasts. f) Connective tissue of muscles.
Connective tissue embeds individual muscle fibers, surrounds fascicles and encloses the whole muscle. The connective tissue around the muscle fibers is finally continuous with the tendon tissue. Endomysial connective tissues are highly developed in adult animals. As seen in the figure from a young adult guinea-pig, the endomysium consists of mainly beaded appearance, are also found. These together appear to form a meshwork enveloping the muscle fibers. These fibrillar components never penetrate the outer diffuse layer of the sarcolemma. They are oriented in various directions (Fig. 13 ).
In association with the sarcolemma, a number of caveolae intracellulares and vesicles, sometimes tubular structures, are observed. However, any particular structures connecting between the sarcolemma and myofibrils are not distinctly visible in our materials.
III. Discussion.
The present observations in various mammals have confirmed that the myo-tendon junctions of the vertebrate skeletal muscle fibers show basically identical structures as reported previously by several electron microscopists (PORTER 1954 , RUSKA 1954 , EDWARDS et al. 1956 , COUTEAUX 1958 and 1959 . Transverse section of a myo-tendon junction. Processes (arrows) of a muscle fiber are surrounded by fibroblasts (F). An invagination (Iv) is inserted by a cylindrical projection of a fibroblast. 7 , GELBER et al. 1960 , MUIR 1961 and some others). Thus, the end of the muscle fiber is enclosed by a continuous sarcolemma in the same way as the side of the muscle fiber, and forms complex processes and invaginations, by which the surface area is extremely increased. The collagen fibrils extending from the tendon are attached to the sarcolemma but never penetrate it. All investigators cited above, and even some light microscopists (e.g. GOSS 1944 , LONG 1947 , have observed the end of the muscle fiber is characterized by the formation of the complex processes and invaginations. So far, however, the morphological features of the end of the muscle fiber have only briefly been described. The detailed observations on them might be of importance in understanding the mechanism and the development of the union of muscle fibers with the tendon. In our materials from various mammals, the end of the muscle fiber displays extremely complicated appearances due to the combination of processes and invaginations. GELBER et al. (1960) have presented a three-dimensional scheme of the mammalian myo-tendon junction, regarding so-called invaginations as the main component of the end of the muscle fiber. However, our observations show that the number of invaginations are rather smaller than that of clefts. The muscle fiber finally terminates in the forms of many conical or finger-like processes.
The term 'sarcolemma' was first used by BOWMAN (1840) to describe 'a tubular BENNETT and PORTER 1953 , BENNETT 1955 , FAWCETT and SELBY 1958 , van BREEMEN 1960 and some others) regarded only the plasma membrane of the sarcolemma of the muscle fiber as sarcolemma. BOWMAN (1840) excluded connective tissue components in his definition. However, ROBERTSON (1956) considered that in a historical sense it is probably more accurate to apply the term 'sarcolemma' to both the membranous and fibrillar components. Recently MAURO and ADAMS (1961), who have presented both light and electron micrographs of the frog muscle fiber, have concluded that the 'sarcolemma' as originally defined by BOWMAN consists of four components; an outer layer of unidentified fine filaments, a braid-like layer of collagen filaments, an amorphous layer resembling basement membrane matrix, and a layer interpreted as the plasma membrane.
The concept that the sarcolemma is composed of three layers, such as the plasma membrane of the muscle fiber, clear middle layer and an outer layer corresponding to the basement membrane, seems to be used by many electron microscopists (see SMITH 1964). Based on this concept, the discussion of the sarcolemma will be made in the present paper. However, the definition of 'sarcolemma' must be further considered. It is agreed that the connection between the end of the muscle fiber and the tendon might be achieved by the collagen fibrils. In our materials, the collagen fibrils Fig. 13 . Endomysial connective tissue. Collagen fibrils (Cf), fine filaments and fibroblasts together form a meshwork enveloping the individual muscle fiber (M). Young adult guinea-pig. Osmium tetro-come into contact with the outer diffuse layer of the sarcolemma. As suggested by some investigators (e. g, SCHWARZACHER 1960), it may be possible that the macromolecular interaction is present between these two components.
There is, however, no structural evidence for support of this hypothesis. We could demonstrate no particular structure between the collagen fibrils and the sarcolemma. It might be of significance that the outer diffuse layer of the sarcolemma at the region where myo-fibrils are attached appears to be slightly thickened. Now, we should discuss a series of the light microscopic studies using the silver impregnation method. GOSS (1644) and LONG (1947) showed that the end of the muscle fiber is enveloped by argyrophilic reticular fibers, which continue as sarcolemmal and endomysial reticulum proximally and are continuous with the fibers of the tendon distally.
It is interesting to ask to what components of the connective tissue the reticular fibers may correspond in electron micrographs. Reticulin or reticular fiber is the fibrous material selectively impregnated with silver and closely associated with collagen (see HARKNESS 1961) . PAHLK (1954) employed the silver impregnation in the electron microscopy of the intercellular substance of human tendon tissues, and observed that the tendon fibrils of fetal stages and even of one year of age, when LONG (1947) reported that the attachment reticulum becomes thicker, denser and longer, as the development proceeds. In our adult materials, extremely fine filaments are abundantly found among the collagen fibrils.
They usually run parallel to the bundles of the collagen fibrils, occasionally closely packed into bundles. It seems that the attachment reticulum are, electron microscopically, constituted of these fine filaments as well as the collagen fibrils. In fact, the collagen fibrils at the myo-tendon junctions are always smaller in average diameters than those of the typical tendon tissues. Anyway, it must be noted that the reticular fibers envelop the end of the muscle fiber as a cap.
The collagen fibrils, which are inserted into the clefts or the invaginations of the sarcolemma, run parallel as well as obliquely to the longitudinal axis. They also run even circularly around the end of the muscle fiber and are continuous with the endomysial connective tissue.
There were few investigators who paid regard to the fibroblasts seen at the myotendon junction. In our mammalian materials, the projections of the fibroblasts seem to be closely associated with the clefts or the invaginations of the sarcolemma. It is thought that these structures can be well preserved by the recently improved techniques for specimen embedding (LUFT 1961) . The flattened or winged projections of the fibroblasts often envelop around the processes of the end of the muscle fiber. Although the plasma membrane of the fibroblast may lie close to the sarcolemma, collagen fibrils usually intervene between these two components. As such, the fibroblasts and the collagen fibrils together do not seem to leave any insignificant space at the myo-tendon juncticn.
Such a fibroblast which produces collagen fibrils may not only participate in guiding the fibrils into the clefts or the invaginations of the sarcolemma, but also may take more or less part in connecting with the end of the muscle fiber. These findings remind us of the view set forth by HAM (1957) , who compared the muscle fibers which extend into a tendinous insertion with fingers extending into a wet rubber glove. Pulling the muscle fiber out to the tendinous insertion would require the creation of a vacuum. The connective tissue at the myo-tendon junction seems to form a cap or a glove for the end of the muscle fiber. Eurther, the connective tissue cap are continuous with the endomysium proximally and distally with the typical tendon tissue. Although we can not deny the existence of the 'Kittsubstanz' (e. g. SCHWARZACHER 1960) between the collagen fibrils and the sarcolemma, certain physical factors, as mentinned above, also deserve much consideration.
There were, light microscopically, series of the concepts that the tension generated by contracting myofibrils was transmitted along the entire length of the muscle fiber. HAGGQVIST (1920 and 1931 ) placed a great importance on the Z bands or 'Grundmembrane' through which the tension was transmitted to the collagenous structures of the sarcolemma. PETERSEN (cited in HAGGQVIST 1931) held that the hardening of the muscle fiber during its contraction exerted a pull lengthwise on the sarcolemmal connective tissue. The collagenous structures of the sarcolemma directly continue with the endomysial connective tissue, and finally with the tendon tissue.
BENNETT (1955) has observed, using the electron microscope, that the dense material of a Z band is confined to each myofibril and does not extend across the sarcoplasm, and the sarcoplasm of varying thickness intervenes between the sarcolemma and the myofibrils. He has concluded that the concept of the Z band participation in transmission of muscle tension should be abandoned.
However, it can not entirely be denied that the muscle tension is transmitted laterally along the side of the muscle fiber. EDWARDS et al. (1956) have observed that the scalloped appearance of the sarcolemma is intensified on the contraction of the muscle fiber in insects. The similar observations have also been made in reptilian skeletal muscle (ROBERTSON 1956 ) and in the mammalian muscles in the present study. As discussed in detail by BENNETT (1955) , there is no 'firm linkage' between contractile material and sarcolemma along the side of the muscle fiber. The finding of sarcolemmal scalloping, however, suggests that a certain degree of connection between the sarcolemma and the myofibfils may be maintained on both contraction and relaxation. It is said that the myofibrils may be connected with the sarcolemma by way of the sarcoplasmic reticulum (BENNETT and PORTER 1953 , BENNETT 1955 , PORTER and PALADE 1957 , EDWARDS et al. 1956 and many others).
In cardiac muscle cells the indentations of the sarcolemma are clearly shown to be continuous with the transverse tubular system (e. g. SIMPSON and OERTELIS 1962 & NELSON and BENSON 1963) .
In addition, sarcolemma and associated connective tissue fibrils together show a remarkable tensile strength (see BUCHTHAL and ROSENFALCK 1957) . When myofibrils contract, individual muscle fibers may increase in internal pressure and may thus harden. It is possible that the tension may be transmitted as a whole fiber to the endomysium. Moreover, muscle fibers more or less thicken and may press each other through the endomysial connective tissue. Therefore, they are attached to the tendon tissue as a whole fascicle. In relatively longer fascicles, indeed, few fibers extend the entire length of a fascicles. After shorter or longer courses many muscle fibers terminate freely within the endomysium (see HAGGQVIST 1956 ). Thus such fibers may transmit their pull to the endomysial and perimysial connective tissues, which are continuous with the tendon.
In the electron microscopy of the myo-tendon junction, one of the most interesting subjects is the manner in which myofibrils attach to the sarcolemma at the end of the muscle fiber. There are certain differences in literature on this point. PORTER (1954) , who dealt with the larval forms of Amblystoma punctatum, described that the myofibrils frequently terminate one or two microns short of the end of the muscle cell. In such cases the connection appears to be made through longitudinal arrays of the fine fibrillar elements of the sarcoplasmic ground substance.
COUTEAUX (1959) also made a similar observation in Hippocampus, and showed that the terminal sarcomere attaches through the intermediation of the system of joining filaments ('filaments unitifs') to the sarcolemma. However, the details of the joining filaments has not clearly been revealed as yet. Further investigation is needed to clarify this point, especially in reference to the development of myofibrils.
Another feature of the attachments has been observed by COUTEAUX (1958) in young frogs and MUIR (1961) in Xenopus larvae, i. e. myofibrils terminate in the subsarcolemmal dense material at the level of the ending Z-disc. In mammalian muscles, GELBER et al. (1960) stated that myofibrils end 'usually' at the level of a Z-disc and merge for attachment into a dense material which appears continuous with the plasma membrane of the muscle fiber. In agreement with the earlier observation of RUSKA (1954) , SCHWARZACHER (1960) described that myofibrils do not always end at the same level of the sarcomere, and when the myofibrils do not reach the sarcolemma, sarcoplasmic reticulum connects between the myofibrils and the sarcolemma. In order to clarify this point, the materials must be sectioned exactly parallel to the longitudinal axis of the muscle fiber. Our observation on mammalian muscles has confirmed the findings shown by COUTEAUX (1958) and MUIR (1961) . Higher powered electron micrographs show that this dense area contains longitudinally arranged fine filaments, which measure ordinary sarcomeres.
No thicker filament corresponding to myosin myofilament could be found in this area. Supposing the ending actin myofilaments were directly continuous with the fine filaments in the dense area, then they would be longer than the actin filaments of ordinary sarcomere.
It is interesting to discuss the dense area with special reference to a Z-disc. Occasionally, the dense area seems to be continuous with the ordinary Z-disc, and in some materials it may have a resemblance in appearance to the Z-disc. It is generally accepted that a sarcomere is the unit of histological strucrure and physiological action, and a Z-disc is the attachment basis for actin myofilaments.
In earlier electron microscopy, Z-discs were described as only the dense bands formed of a amorphous material.
However, it has been found by many investigators that the Z-disc has fine internal structures (ROBERTSON 1956 , SPIRO 1957 , HUXLEY 1957 , SJOSTRAND and ANDERSSON CEDERGREN 1957 , ANDERSSON-CEDERGREN 1959 . In isolated Z-discs from honey bee muscle, GUBA et al. (1960) has described the Z-disc as a tissue of woven fine threads. KNEIPPEIS and CARLSEN (1962) , who has made a detailed observation on the Z-discs in amphibian skeletal muscles, has shown that actin myofilaments terminate in the Z-disc, where they are arranged in a tetragonal pattern. SHAFIQ (1963) showing that when actin myofilaments approach the Z-membrane, they may take a square pattern in arrangement and may be inserted into a membrane of the Z-disc material. Thus, they suggest that the Z-membrane pulled by actin myofilaments may form ridges, which appear as 'Z-filaments'. They also refer to the intercalated discs of cardiac muscle fibers, holding that the dense material adjacent to the sarcolemma at the intercalated disc itself constitutes half Z-disc.
In skeletal muscle fibers, it seems reasonable, functionally and structurally, to consider that myofibrils are attached to sarcolemma through the dense area at the level of the Z-disc. Many observations on the intercalated discs in cardiac muscle cells and the dense bands in insect muscle fibers appear to support this concept. In the interfibrillar regions of the intercalated discs, the dense network in which the last sarcomere terminates is formed by very fine filaments. Actin myofilaments make contact with this network and seem to be continuous with the filaments of the network (see SJOSTRAND and ANDERSSON-CEDERGREN 1960) . In the cases of insect muscle fibers, myofibrils end in broad, dense bands, which seem to correspond in position to a terminal Z-disc. In other words, the dense band attaches the individual myofibrils to the sarcolemma (SHAFIQ 1963) . Further, AUBER (1963) has described the fine filaments found in the dense band as uniting filaments.
It still remains to be solved whether the fine filaments found in the subsarcolemmal dense area in mammalian skeletal muscles are identical with the uniting filaments in Hippocampus muscles described by COUTEAUX (1959) , with the network filaments of the intercalated discs in cardiac muscles, or with the filaments in the dense bands in insect muscles.
According to our observation, any sarcoplasmic reticulum, caveola intracellularis (YAMADA, 1955) , vesicle or mitochondrion, except longitudinally arranged fine filaments, is not present in the subsarcolemmal dense area. No glycogen particle or ribosome is found in this area. It seems, therefore, this area is a special differentiation for attachment of the myofibrils to the sarcolemma. At the bottoms of invaginations or clefts, vesicular or tubular structures are very well developed. EDWARDS et al. (1956) suggested that the indentations at the end of the muscle fiber appear to be formed in the same manner as the scalloping of the sarcolemma. Anyway, sarcoplasmic reticulum seems to keep the continuity with the sarcolemma even at the end of the muscle fiber.
As a muscle fiber grows, myofibrils must increase in length. Thus, the muscle fiber seems to need the addition of new sarcomeres at the end. MUIR (1957 and has tried to explain this mechanism by emphasizing that the myofibrils are attached obliquely to the sarcolemma. According to his proposal (1961) , new myofilaments are produced in close association with the sarcolemma, and only when the new sarcomere is completely formed, can it be separated from the sarcolemma.
Our observation also provides the evidence basically favoring MUIR's opinion.
As illustrated in Fig. 14 , a set of myofilaments may be newly produced at the deepest of (or adjacent to) the subsarcolemmal dense area, and at the same time this newly produced sarcomere is attached to newly formed dense area distally, and proximally is connected with the pre-existing sarcomere through a Z-disc. As clefts or invaginations retreat, the pre-existing dense area continues to diminish, until it disappears and is replaced by the new sarcomere. The dense area seen inside the lateral walls of clefts or invaginations usually show the same length as those of ordinary sarcomeres.
It seems possible that the fine filaments in the dense area may participate in adding the new sarcomeres. However, this problem also requires further investigations.
IV. Summary.
The fine structures of the myo-tendon junctions in the gastrocnemius muscles from some mammals (dogs, cats, guinea-pigs, rats, mice and human beings) were studied with the electron microscope.
Observations confirmed that each myo-tendon junction has basically identical structures as reported previously by other investigators.
The end of the muscle fiber showed many processes and invaginations of the sarcolemma. Such a complicated end of the muscle fiber was definitely enclosed by a continuous sarcolemma.
Each myofibril always ended at the level of the Z-disc and seemed to be embed- ded in the dense area just inside the sarcolemma. The subsarcolemmal dense area contained longitudinally arranged fine filaments, with which the actin myofilaments of the ending sarcomere appeared to connect. The fine filaments in the dense area showed about the same diameter as that of the actin myofilament.
The nature of the dense area were discussed with special reference to the Z-disc.
The collagen fibrils which left the surface of the end of the muscle fiber ran for some distance and joined the main bundles of typical tendon fibrils. Their average diameter was considerably smaller than that of the typical tendon. It was emphasized that there were the connective tissues connecting between the end of the muscle fiber and the typical tendon tissue.
Several fibroblasts were usually seen in close association with the end of the muscle fiber. They sent many flattened or cylindrical projections into the clefts or the invaginations of the sarcolemma. Most finger-like processes of the muscle fiber end were circularly surrounded by the fibroblastic projections. The possible mechanism of the addition of new sarcomeres at the end of the muscle fiber were discussed.
